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VACUUM PLATEN FOR SHARP BENDS 

TPPWJTCAL FIELD 

This invention relates to an apparatus for 
press bending sharp bends in flat glass sheets. 

ffft rjcr,POUND ART 

Conventional press bending of a glass sheet is 
typically accomplished by heating the glass sheet to its 
bending temperature, positioning the glass sheet between 
a pair of cooperating press bending molds having com- 
plimentary shaping surfaces, bringing the shaping 
surfaces against the glass sheet and subsequently 
applying pressure to press bend the glass sheet so that 
it conforms to the shape of the shaping surfaces. 

Typically one bending mold is convex and has a 
15 full surface, and the other is concave and is in the 
form of a ring. When the shaping surfaces have a non- 
abrupt curvature, the resultant bent glass sheet usually 
has a predictable contour and good visual properties. 
However, when the shaping surfaces include an abrupt 
curvature, the contour of the resulting bent glass sheet 
is not predictable and its visual properties are 
typically disfavorable. This unpredictable contour 
results because negatively curving areas are formed in 
the bent glass sheet. These negatively curving areas 
are created in the areas adjacent the abrupt curvature 
when the glass sheet separates from the convex surface, 
as the concave ring shape is pressed toward the convexly 
shaped surface during the bending. A fulcrum is created 
by the crease in the convex shaped surface and- the glass 
is. strong enough. to resist bending over that crease. On 
either side of the fulcrum, separation of the glass 
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sh eet fro- the shaping surface is UKely as the glass 
sheet is bent. 

U.S.P.N. 4,229,200 discloses a glass bending 
aDD aratus for use in drop foxing glass sheets which 
s includes a downwardly facing vacuum through 

r=u» is applied at a pair of spaced edge chamber, i and 
an intermediate center chafer. Such a construction is 
sta ed in the patent to allow the central portion of the 
Ixmmm sheet to be released either before or after its 
0 edges in order to control the manner in which bending 
takes place. 

An object of the present invention is to 
for press bending sharp bends into 
provide an apparatus for press ^ QfaV orable 

u v= Neaative curvature and .disf avoraoie 

15 :;;rcal Sh :atitiesTr: avoided when the bending is 

performed utilizing the invention. 

in carrying out the above object and other 
oh -iects of the invention, the apparatus for press 
TTZ a heated glass sheet comprises a first bending 
20 Jld havih/ raping surface. The shaping surface 
inctuoT a first portion and a second portion having a 
.brunt curvature relative to the first portion. A 
more abrupt our ™" r on the shaping 

first vacuum chamber draws a vacu 
, s surface and supports the glass sheet during bending. A 
second vacuum chamber draws a greater vacuum on a 
section of the first portion of the shaping surface that 
is adjacent the second portion. A second bending mold 
was a peripheral surface of a complimentary shape to 
has a perip « u , tac . An actuator provides 

30 that of the shaping surface ^ 

r elative movement betvee ^ £ ^ sheet _ ^ glass 
molds to press bend the heatea gx* 
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sheet is maintained in contact with the shaping surface 
curvature in the bent glass sheet is avoided. 

in the preferred embodiment of the invention 
the shaping surface is downwardly facing and also 
aenerally of a convex shape. The peripheral surface is 
generally or flanera ii v of a concave shape to 

uDwardly facing and generally or 

upwa y „ ^ 0 Khm of the downwardly facing convex 
compliment the shape or the 
* „ a perforations are included in the 

S ZZ ^'for^ing the vacuu* on th e shaping 
surface. 

in the preferred embodiment o£ the invention 
the downwardly facing shaping surface include, a cloth 
covering to prevent the glass sheet from 
the shaping surface. A separate vacuum unxt supplies 
Z ul to each vacuum chamber and a control is prided 
£or regulating the vacuum applied to the second chamber. 

The objects, features, and advantages of the 
present invention are readily apparent from the 
0 following detailed description of the best mode for 
practicing the invention when taKen in connects «th 
the accompanying drawings. 

BBIEE "rerPTPTTON nF "ROWINGS 

Figure 1 is a perspective view of an apparatus 

w aa™ » heated glass sheet in accordance 
25 for press bending a near.ea 

with the present invention; 

Figure 2 is taken along line 2-2 in Figure 1 
and illustrates a shaping surface having P« foratl °- 
tTeret and also illustrates first and second vacuum. 

30 chambers; 



- 4 - 



10 



Figure 3 is a sectional view taken along the 
line 3-3 in Figure 1 illustrating the vacuum chafers in 
the first bending mold; 

Figure 4 is an elevational view of the first 
hending moid receiving a glass sheet fro, a roller 
conveyor ; 

Figu re 5 is an elevational view following 
Fig ure 4 showing the glass sheet lifted above the roller 
conveyor; 

FigU re 6 is another elevational view following 

. s and illustrating a second bending mold 
Fl gure 5 and H ^ glass 

positioned beneath the first 
sheet; and 

Figure 7 is an elevational view illustrating 

w of the glass sheet between the first 

the press bending of tne gias. 

and second bending molds. 
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Referring to Figure 1 of the drawings an 

neratus for press bending is generally indicated by 
apparatus for p s faending sharp 

Terence numera 0 and s use^ ^ by 

bends into heated gl hereinafter 

r et Te e d Te Pre ' bending apparatus 10 eliminates 
described, the pre disfavorable optical 

negative curvature and re u tan ^ ^ ^ 

quality associated with pres 

. * V* a a 4* c 1 / . 



flat glass sheets 12. 



Apparatus 10 comprises a first bending .old 14 
having a shaping surface IS. The shaping surface x. 



• „ lu des a first portion 18 and a second portion 20 

mo abrupt curvature reiative to the first 
! !„ A first vacuum chamber 22, best seen in 
*°!* ° , is used to draw a vacuum on the shaping 
r/ace l. and support the glass sheet 12 on the first 
1 .old 14 during the bending. A second vacuum 
Tamoer 3 b t seen in figure 3. is used to draw a 
orefter vacuum on the shaping surface 16 at the first 
TorTn IS of shaping surface is adjacent the second 
portion 20. 

With further reference to Figure 1, a second 
bending mold 24, preferably a press ring, has a 
V , surface 26 of a complimentary shape to that 
peripheral surfac 26 o ^ ^ 

" ^ "ttvl molemVnt between the first and second 

Tendi g Z « «.« - • ^ " 'The 

Ld the heated glass sheet J^^^?. 

greater vacuum drawn in the second vacu 

thereby maintains contact of the ^"J^vS 

shaping surface 16 and *~£^££££2Z 

flat area of the first portion 18 adjacent 

Abrupt curvature 20 as the ^ ^ 

end thereby negative curvature of the bent gi 

in the relatively flat area is avoided. 

in the preferred embodiment of the invention 
• 1 2 and 3, the shaping surface 16 is 

- -r26Vup= =. 

rr.re^ ofa P rav:X "-^c^ 

• « - — rr e TarrLrr zj. 

shown in Figure 2 the s ^ * ^ ^ 

perforations 32 therein « drawing ^ 

r« Tonc^d JU portion of the shaping surface 
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16 where vacuum is drawn by the second vacuum chafer 30 
and of a smaller diameter to prevent unwanted ^pres- 
sions on the glass sheet 12. 

in the preferred embodiment of the invention, 

, ,„ covering (not shown) covers the downwardly 

3 h r n a surface 16 to prevent the glass sheet 12 

|ac.ng shap^surface J ^ durlng tte 

"aJT P^erably, the covering is a fiberglass 

nay he used, in Figures 1 and « through 7 appar at si 
is shown as including two vacuum units , , and 36 
supplying vacuum to the vacuum chambers 22,30. 

vacuum units 34 and 36 supply a low vacuum to 

™ in unit 3 6 and chamber 30 to a 
regulating the vacuum i> unit ^ 36 ^ 

>,inh level as the glass sheet 12 is pre 
maintain^ contact of the glass sheet with the shaping 
surface 16 at the first portion 16 accent the second 
portion 20. 

Figures 4 through 7 are sequential illu.tr.- 

the fundamental operation of the a PP 
bending operation. 

Figure 7 illustrates the glass sheet 12 having 
heen heated to its JU^-J == ^ ^ 
30 ^uT^T'situated beneath the shaping 
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surface 16 of the first bending mold 14. In this 
position of the glass sheet 12, vacuum is supplied by 
position or i second vacuum 

irtn the olwardly facing shaping surface » of the 
first bending mold 14. 

Ac tuator 28 is then operated to raise the 
u4th the glass sheet 12 suspended 
first bending mold 14 with the gia 

th erebelow to a raised position above - roller 

n th r:; a rdi y « p-**— 

r f a« : ca oe -lly positioned heneath the glass 
he t and similarly the first bending mole I 14, as seen 
« in this position the glass sheet 12 is in 
^oTi^o - p-ss bent between the first and second 
bending molds 14,24 respectively. 

Actuator 28 is then operated to provide 
native movement between the first and second bending 
Z 24 to move the bending molds toward one another 

I: press be„d the heated glass sheet 12 between the 
to press bend ^ u an(J 

raping sur ace 16 of the ^ ^ ^ 

scrs action is -~ in n T ; * r 

5 moved from their respev.«. 

— iS d Tth°e n sZr acent the secon* 

0 P ° rt t l i°o n n 20 « the e b y Tld the glass sheet 12 in contact 
portion 20 to there y progresses whereby 

with the shaping surface a the bend p g 
negative curvature in the glass sheet 
of abrupt curvature is avoided. 
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While the best mode for carrying out the 
invention has herein been described in detail, those 
familiar with the art to which this invention relates 
will recognize various alternative designs and embodi- 
ments for practicing the invention as defined by the 
following claims. 
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!. Apparatus (10) for press bending a heated 
,lass sheet (12) comprising a first bending mold (14) 
having a shaping surfaoe ,16, , said shaping surface 16 
5 including a first portion (18, and a second portion 20) 
having ' -re abrupt curvature relative to the first 
p rtion (IB) I a first vacuum chamber (22, ^ 
vacuum on the shaping surface (16) and supporting the 
g ass sheet (12, thereon during bending, a second vacuum 
0 chamber (30) for drawing a greater vacuum on the shaping 
surface (16, at the first portion (18) adjacent the 
^ portion (20, , a second bending mold ,24, having a 
Peripheral surface ,26, of a complementary shape t that 
of the shaping surface (16); an actuator (28) for 
15 providing relative movement between the first and second 
Tending molds ,14.24, to press bend the -ted * 
sheet ,12, , said second vacuum chamber ,30 thereby 
maintaining contact of the glass sheet (12 on the 

,,,, ,* the first portion (18, adjacent 
shaping surface (16, at tne iirs f 
20 the second portion ,20, as the glass sheet (12) is press 
bent to thereby avoid negative curvature in the bent 
glass sheet (12) . 

2 An apparatus (10) as in claim 1 wherein 
said shaping surface (16) is downwardly facing and also 
25 generally of a convex shape. 

3. An apparatus (10) as in claim 2 wherein 
.aid peripheral surface (26) is upwardly facing and 

eluiy of a concave shape to complement the shape of 
the downwardly facing convex shaping surface (16, . 

4. An apparatus (10, as in claims further 
including perforations (32, in the shaping surface ,16, 
for drawing the vacuum thereon. 
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5. An apparatus (10) as in claim 4 wherein 
said downwardly facing shaping surface (16) includes a 
cloth covering to prevent the glass sheet (12) from 
being marked by said shaping surface (16). 

6. An apparatus (10) as in claim 1 further 
including a vacuum units (34) and (36) for supplying 
vacuum to the vacuum chambers (22,30). 

7 An apparatus (10) as in claim 6 further 
including a control (38) for regulating the vacuum 
level in the second vacuum chamber (30) . 

8 Apparatus (10) for press bending a heated 
glass sheet (12) comprising: a first bending mold (14) 
having a downwardly facing shaping surface (16) , said 
shaping surface (16) including a first portion (18) and 

1S a second portion (20, having a more abrupt curvature 
relative to the first portion ,18); a first vacuum 
chamber (22) for drawing a vacuum on the shaping surface 
(18) and supporting the glass sheet (12, thereon during 
bending; a second vacuum chamber (30, for drawing a 
gre ater vacuum on the shaping surface ,16, at the first 
portion (18) adjacent the second portion (20,: a second 
bending mold ,24, having an upwardly 

surface (26) of a complementary shape to that of the 
shaping surface ,16,: and an actuator (28, for providing 
relative movement between the first and second bend g 
molds (14 24) to press bend the heated glass sheet (12). 
molds (14,24, t: p thereby maintaining 

said second vacuum chamber (30) 

contact of the glass sheet ,12, on the shaping surface 
l£ at the first portion ,18, adjacent the second 
portion (20) as the glass sheet (12) is press bent to 
thereby avoid native curvature in the benf glass sheet 
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Apparatus (10) for press bending a heated 

a first bending mold (iu 
glass sheet (12) comprising, a first * 
Ling a downwardly facing shaping surface (16) of 
haV,n ' „ onvex shape! said shaping surface (16) 

9e Tdino art portion (18) and a second portion ,20) 
5 including a first j> e to the first 

M 2 a ,^ l Perforations ,32, therein 

portion (18) an (22) 

: e r SS ^ - ~ surface ,16, and 

10 supporting t he glass sheet ,12, thereon durin, .bending 

10 supf" * n0) for drawing a greater 

j vacuum chancer i ju i 
a second vacuum portion 

.shanina surface (16) at -cjie 1^= f 
vacuum on the shaping bending 

- rr;-:; rcsrr-s; surface 

TtTciT"* P^dlg retatL 9 — between 
r tani seconl bending molds - ^"^ 

mi)' and a control (38) tor 
the heated glass sheet (12) and 

,0 regulating the vacuum level in the 
20 ! ILr ,30) whereby said second vacuum chamber 
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the tirs^ — — - control (38) 

the heated glass sheet 12). and 

, ne vacuum level in the 

^ . uherebv said second vacuum chamber (30) 
chamber (30) whereby s ^ ^ 

-intains contact of the g ^ ^ 

surface (16) at the P aj . g ^ 

second portion (20) as the gl ^ ^ 

bent to thereby avoid negative curva 
glass sheet (12) . 
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